sEMG Based Human Computer Interaction for Robotic Wheel Chair Using ANN  by Shafivulla, Mohammad
 Procedia Computer Science  85 ( 2016 )  949 – 953 
Available online at www.sciencedirect.com
1877-0509 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Organizing Committee of CMS 2016
doi: 10.1016/j.procs.2016.05.286 
ScienceDirect
,QWHUQDWLRQDO&RQIHUHQFHRQ&RPSXWDWLRQDO0RGHOLQJDQG6HFXULW\&06
V(0*%DVHG+XPDQ&RPSXWHU,QWHUDFWLRQIRU5RERWLF
:KHHO&KDLU8VLQJ$11

0RKDPPDG6KDILYXOOD
D$VVRFLDWH3URIHVVRU'HSDUWPHQWRI(&(./8QLYHUVLW\9LMD\DZDGD$3,QGLDVKDILYXOODK#NOXQLYHUVLW\LQ

$EVWUDFW
7KLVSDSHUSUHVHQW WKHXVHRIKDQGJHVWXUHV IRUKXPDQFRPSXWHU LQWHUDFWLRQ WKLVSDSHUSUHVHQWVDQDSSURDFK WR
LGHQWLI\KDQGJHVWXUHVXVLQJPXVFOHDFWLYLW\VHSDUDWHGIURPHOHFWURP\RJUDP(0*XVLQJ$117RUHWDLQDFRQVWUDLQWIUHH
XVHU
VHQYLURQPHQW(0*VHQVLQJLVOLPLWHGWRWKUHHDUPPXVFOHV(0*VLJQDOVDUHSURFHVVHGWRDWWDLQSDUDPHWHUVWKDWDUH
UHODWHGWRWKHPXVFOHVWHPSRUDODFWLYLWLHV7KHDWWDLQPHQWRI WKHVHSDUDPHWHUV WKURXJKWLPHFRQVWUXFWVDXQLTXHVLJQDWXUH
IRUHDFKSDUWLFXODUJHVWXUH([SHULPHQWDOLQYHVWLJDWLRQZDVFDUULHGRXWWRH[DPLQHWKHV\VWHP
VUHOLDELOLW\LQUHFRJQL]LQJ
DUPJHVWXUHV7KHUHVXOWVVKRZWKDWWKHV\VWHPFDQUHFRJQL]HWKHJHVWXUHVZLWKDVXFFHVVUDWHRI7KHDGYDQWDJHRI
VXFKDV\VWHPLVWKDWLWLVHDV\WRWUDLQE\DOD\HUDQGFDQHDVLO\EHLPSOHPHQWHGLQUHDOWLPHDIWHUWKHLQLWLDOWUDLQLQJ

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRIWKH,QWHUQDWLRQDO&RQIHUHQFHRQ&RPSXWDWLRQDO0RGHOLQJDQG
6HFXULW\&06
.H\ZRUGV6XUIDFHHOHFWURP\RJUDSK\6(0*:DYHOHWV$11ZLWK%330LFURFRQWUROOHU
,QWURGXFWLRQ
0RUH DQG PRUH UHVHDUFKHUV DQG SUDFWLWLRQHUV LQ WKH ILHOGV RI KXPDQFRPSXWHU LQWHUDFWLRQ DQG URERWLFV
HPSKDVL]H WKHQHFHVVLW\ IRUKXPDQL]LQJPDFKLQH LQWHUDFWLRQ WKXVFDOOLQJ IRUPRUH LQWXLWLYH LQWHUIDFHV$WWDLQLQJ
WKLVJRDO LVGHSHQGHQWXSRQERWKVRIWZDUHDQGKDUGZDUH V\VWHPV WKDWFDQUHOLHYH8VHUV IURP WHFKQLFDOGHWDLORI
WKHLU ZRUNLQJ HQYLURQPHQWV 7KH XVHU VKRXOG EH DEOH WR EHKDYH LQ D QDWXUDO ZD\ DQG EULQJ LQWR DFWLRQ QDWXUDO
PRGHVRIH[SUHVVLRQVXFKDVJHVWXUH7KHUHIRUHJHVWXUHDQGVLJQODQJXDJHKDYHEHFRPHDUHFHQWIRFXVLQDGYDQFHG
LQWHUIDFH GHVLJQ 7KH JURZLQJ DWWHQWLRQ WKDW JHVWXUHEDVHG LQWHUIDFHV KDYH EHHQ UHFHLYLQJ LV GXH WR WKH ODUJH
QXPEHURI SRWHQWLDO DSSOLFDWLRQV DQG DFWLYLWLHV WKDW FDQEH HDVHG DQG LPSURYHGZKHQ WKH\ DUH RSHUDWHGRU GHDOW
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ZLWKLQDQDWXUDOPDQQHU([LVWLQJLQWXLWLYHRUQDWXUDOLQWHUIDFHVLQFOXGH'DWDJORYHVDQGDUPKDQGJRQLRPHWU\,Q
WKHVHFODVVRIDSSURDFKHV WKHXVHUZHDUVEXON\HTXLSPHQW WKDWFDQFRQVWUDLQQRUPDOPRYHPHQW IXUWKHUPRUH LQ
FDVHV LQYROYLQJ DFWXDO KDQGOLQJ RI REMHFWV 'DWDJORYH PD\ QRW EH DSSURSULDWH $OWHUQDWLYH DSSURDFKHV LQFOXGH
VSHHFKYLGHRDQG(0*LQIRUPDWLRQSURFHVVLQJV\VWHPV7KHHFXUUHQWVSHHFKUHFRJQLWLRQWHFKQRORJ\LVVWLOOQRW
UREXVW HVSHFLDOO\ RXWVLGH FRQWUROOHG HQYLURQPHQWV XQGHU QRLV\ FRQGLWLRQV DQG ZLWK PXOWLSOH VSHDNHUV 9LGHR
LQIRUPDWLRQDFTXLVLWLRQ LVQRQFRQWDFW DQG WKXVGRHVQRW LPSRVHDQ\FRQVWUDLQWVRQ WKHXVHUKRZHYHUREWDLQLQJ
GHWDLOHG LQIRUPDWLRQDERXWDPRWLRQLVJHQHUDOO\YHU\GLIILFXOWHYHQZKHQXVLQJPXOWLSOHFDPHUDV&RQVHTXHQWO\
UHVHDUFKHUVWHQGWROLPLWWKHDSSOLFDWLRQGRPDLQ0RUHRYHUYLVXDOLQIRUPDWLRQFDQQRWHVWLPDWHIRUFHSUHVVXUHRU
HIIRUWVWKDWDUHSURGXFHGE\WKHXVHU¶VKDQGZKLFKDUHLPSRUWDQWLQLQWHUDFWLQJZLWKWKHPDFKLQHV

(0*VLJQDOVKDYHEHHQXVHG LQ WKHPHGLFDO HQJLQHHULQJ ILHOG LQ UHODWLRQ WR WKH WUDFNLQJRI WUDMHFWRULHV
VXFFHVVIXODSSOLFDWLRQWKDWKDVEHHQLQWKHPDUNHWIRUPRUHWKDQWUHHGHFDGHVLVWKH(0*GULYHQFRQWUROV\VWHPV
KDYHWDNHQDQHZGLUHFWLRQ6HYHUDOVWXGLHVKDYHVXJJHVWHGWKHXVHRI(0*VLJQDOVDVDPHWKRGRILQWHUDFWLRQZLWK
PDFKLQHV7KLVSDSHUSUHVHQWVDQ(0*EDVHGVLJQDOSURFHVVLQJV\VWHPWKDWLQWHUSUHWVKDQGJHVWXUHVLQZKHHOFKDLU
FRQWURO ,QGHSHQGHQWO\ QDYLJDWLQJ D SRZHU ZKHHOFKDLU FDQ EHFRPH D WUHPHQGRXV FKDOOHQJH IRU SHUVRQV ZLWK
SURJUHVVLYH QHXURPXVFXODU GLVRUGHUV  :KLOH PXVFOH ZHDNQHVV DQG OLPLWHG UDQJH RI PRWLRQ SUHVHQWV WKH LQLWLDO
FKDOOHQJH WKLV LV H[DFHUEDWHG E\ GLPLQLVKLQJ DELOLWLHV WKDW FDQ PDNH G\QDPLF SURSRUWLRQDO FRQWURO V\VWHPV
LQDFFHVVLEOH  )RU SHUVRQV ZLWK DGYDQFHG FRQGLWLRQV WKDW KDYH UHDFKHG WKLV SRLQW (0* VXSSRUW PDFKLQHV LV
FRPPRQO\FRQVLGHUHGWREHWKHRSWLRQRIODVWUHVRUW7KLVLVVXFKDFRPPRQO\KHOGYLHZLQWKHILHOGRIUHKDELOLWDWLRQ
WHFKQRORJ\ WKDW IHZ UHKDELOLWDWLRQ WHFKQRORJLVWV HYHQ FRQVLGHU LW DV D YLDEOH RSWLRQ  (0* DFWLYLW\ LV XVHG
H[WHQVLYHO\IRUSURVWKHWLFFRQWURODQGUHFHQWO\IRUFRPSXWHUFRQWURO>@EXWLWVXVHIRUSRZHUZKHHOFKDLUFRQWUROKDV
QRW IRXQGZLGHDFFHSWDQFH 7KLV VWXG\GHPRQVWUDWHV WKDW(0*FRQWURO V\VWHPRIIHUVDYLDEOHPHDQV IRUSHUVRQV
ZLWK VHYHUHO\ OLPLWHGPRWRUPRYHPHQW WR LQGHSHQGHQWO\ FRQWURO DZKHHOFKDLU E\ XVLQJ DQ$11 :KLOH LW E\QR
PHDQVFDQUHSODFHWKHG\QDPLFIOXLGFRQWURORISURSRUWLRQDOV\VWHPVLWGRHVRIIHUPDQ\DGYDQWDJHVRYHUWUDGLWLRQDO
ODWFKHGFRQWUROPHWKRGV$Q(0*LVDELRHOHFWULFVLJQDOJHQHUDWHGE\PXVFOHXVH7KHDPSOLWXGHRIDQ(0*FDQ
UDQJHIURPWRP9SHDNWRSHDNDQGWKHXVDEOHHQHUJ\RIWKHVLJQDOLVOLPLWHGWRWKHWR+]IUHTXHQF\
UDQJH$Q(0*FDQEHDFTXLUHGRQWKHVNLQQHDUWRWKHPXVFOHE\GLIIHUHQWLDODPSOLILFDWLRQLQRUGHUWRHOLPLQDWHWKH
QRLVH VLJQDO$Q(0*HOHFWURGH VKRXOGEHSODFHGEHWZHHQ DPRWRU SRLQW DQG WKH WHQGRQ LQVHUWLRQ DQG DORQJ WKH
ORQJLWXGLQDOPLGOLQHRIWKHPXVFOH7KH\DUHXVHGH[WUHPLW\E\SHRSOHZLWKERWKORZHUDQGXSSHUKLJKOHYHOVSLQDO
FRUGLQMXU\PXVFXODUG\VWURSK\7KHDLPRIWKHLQWHOOLJHQWLQVWUXPHQWLV WRPDNHLQVWUXPHQWDEOHWREHFRQWUROOHG
DQG QDYLJDWHG ZLWK WKH PLQLPDO LQWHUDFWLRQ ZLWK WKH XVHUV LQ RUGHU WR HQKDQFH WKH TXDOLW\ RI VHUYLFH IRU WKH
KDQGLFDSV,QRXUVWXGLHVZHKDYHGHVLJQHGDQGIDEULFDWHGDQDXWRPDWLFLQVWUXPHQWZLWKDVLJQDOSURFHVVLQJVHFWLRQ
WRUHFRJQL]HWKHPRWLRQFRPPDQGVIURPKDQGJHVWXUHDQGE\XVLQJVLJQDOFRQGLWLRQDQGPLFURFRQWUROOHULWLVXVHG
WRFRQWUROIRXUPHDQDUWLFOHVIRUWKHEHQLILFLWRU\RIWKHVSLQDOLQMXUHGVXEMHFWV
0HWKRGRORJ\
*HVWXUHVHOHFWLRQ

 )RUFRQWUROOLQJDQDXWRPDWHGV\VWHPIRXUGLIIHUHQWJHVWXUHVDUHUHTXLUHG7KHVHJHVWXUHVVKRXOGEHHTXDOO\
HDV\WRSHUIRUPDQGIRUPSDWWHUQLQWKH(0*VLJQDOZKLFKDUHDVGLVFULPLQDWLYHDVSRVVLEOH7KHVHJHVWXUHVVKRXOG
EHHTXDOO\HDV\WRSHUIRUPDQGIRUPSDWWHUQVLQWKH(0*VLJQDOZKLFKDUHDVGLVFULPLQDWLYHDVSRVVLEOH%HIRUHWKH
VWDUWDQGDIWHUWKHILQLVKRIHDFKJHVWXUHWKHKDQGVKRXOGEHVLWXDWHGLQDSRVWXUHFDOOHGWKHKRPHSRVLWLRQLQZKLFK
KDUGO\DQ\VLJQDODPSOLWXGHRFFXUV$IWHUWHVWLQJRYHUGLIIHUHQWJHVWXUHVWKHIRXUJHVWXUHVZHUHVHOHFWHGDVFRQWURO
VLJQV VLQFH WKH\ VHHPHG WR IXOILOO WKHPHQWLRQHG UHTXLUHPHQWV EHVW DV VKRZQ LQ WDEOH , 7KH ILUVW JHVWXUH +DQG
H[WHQVLRQJHVWXUH,LVDVKRUWDQGRSHQLQJRIWKHILUVWWKHVHFRQGJHVWXUH+DQG*UDVSJHVWXUHLVSHUIRUPHGE\
DVKRUWDQGYHU\OLJKWSUHVVLQJRIWKHILUVW7KHPRWLRQRIWKHZULVWWRZDUGVWKHRXWVLGHLVNQRZQDV:ULVWH[WHQVLRQ
JHVWXUHDQGWKHIRXUWKJHVWXUHVHOHFWHG7KXPE)OH[HGWRZDUGVLQVLGHLV.QRZDV7KXPE)OH[LRQJHVWXUH

7KHFKRLFHRIWKHSHUIRUPLQJKDQGLVQRWDQLVVXHVLQFHRXUH[SHULPHQWVVKRZHGWKDWERWKKDQGVJHQHUDWH
H[WUHPHO\VLPLODU(0*ZDYHIRUPVH[FHSWIRUXQUHPDUNDEOHGLIIHUHQFHVLQRYHUDOODPSOLWXGH$VPRVWXVHUVRSWIRU
WKHULJKWKDQGWKHQDPHVDQGGHVFULSWLRQVRIWKHJHVWXUHVUHIHUWRWKHULJKWKDQGDQGKDYHWREHPLUURULQYHUWHGIRUD
OHIWKDQGHGXVDJH
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6\VWHPVWUXFWXUH

,QWKLVVHFWLRQWKHVLQJOHSURFHVVLQJVWHSVRIWKHV\VWHPIURPWKHUHFRUGLQJRIDJHVWXUHWRWKHVHOHFWLRQRI
RSWLRQLQ+&,DUHGHVFULEHG7KH(0*VLJQDORIWKHSHUIRUPLQJDUPPXVFOHVLVGHWHFWHGE\HOHFWURGHVFRQQHFWHGWR
DVHQVRU,QRUGHUWRTXDOLI\WKHLQFRPLQJUDZVLJQDOIRUIXUWKHUSURFHVVLQJWKHVLJQDOLVSUHSURFHVVHGILUVW1H[WWKH
LQFRPLQJ SDWWHUQV ZKLFK UHSUHVHQW D JHVWXUH PRYHPHQW LQ WKH VLJQDO DUH PDWFKHG 7R EH DEOH WR GLVWLQJXLVK
SDWWHUQV WKH VLJQLILFDQW IHDWXUHV RI HDFK SDWWHUQ DUH ILUVW H[WUDFWHG 7KH UHVXOWLQJ IHDWXUH YHFWRU LV XVHG IRU WKH
FODVVLILFDWLRQ RI WKH PRYHPHQW RUGHU )LQDOO\ WKH FRQWURO FRPPDQG EULHIHG WKURXJK WKH SHUIRUPHG JHVWXUH LV
H[HFXWHGE\WKH0LFURFRQWUROOHUIRURSHUDWLQJWKHSHULSKHUDOGHYLFHV

6LJQDODFTXLVLWLRQ

:HXVHG6XUIDFH(0*VHQVRUZKLFKHQDEOHVWRUHFRUG(0*VLJQDOVRIXSWRȝ9LQDQDFWLYHUDQJHRI
WR+])RUWKHUHFRUGLQJRIWKH(0*VLJQDORQO\RQHSDLURISUHJHOOHGVLQJOH$J$J&OHOHFWURGHVZDVIL[HG
RQWKHVNLQRIWKHV\VWHPXVHU¶VDORQJ$EGXFWRU3ROOLFLHVORQJXV8VXDOO\HDFKSDLURIHOHFWURGHVLVXVHGWRH[DPLQH
PDLQO\RQHVLQJOHPXVFOH6LJQDO LQWHUIHUHQFHVRIDGMDFHQWPXVFOHVNQRZQDVFURVVWDONDUHQRUPDOO\XQGHVLUDEOH
6LQFH ZH XVHG RQO\ RQH FKDQQHO VHQVRU IRU VLJQDO DFTXLVLWLRQ LW ZDV QHFHVVDU\ WR H[DPLQH VHYHUDO PXVFOHV
VLPXOWDQHRXVO\ZLWKRQHSDLURIHOHFWURGHV7KHVHREVHUYHGPXVFOHVZHUHPDLQO\ WKH IOH[RUFDUSL UDGLDOLV DQG WKH
SDOPDULV ORQJXVERWKRIZKLFKDUH UHVSRQVLEOH IRUZULVWPRYHPHQWVDVZHOODV WKH IOH[RUGLJLWRUXPVXSHUILFLDOLV
ZKLFKLVXVHGIRUILQJHUPRYHPHQWV$OOWKUHHHOHFWURGHVDUHVLWXDWHGLQDOLQHLQWKHPLGGOHRIWKHIRUHDUPSDUDOOHOWR
WKHOHQJWKRI WKHIRUHDUPPXVFOH ILEHUV%\SODFLQJWKHILUVWHOHFWURGHQHDUWKHZULVW LW LVSRVVLEOHWRH[DPLQHWKH
PXVFOHVRIWKHIRUHDUPEHWZHHQWKHLUWHQGRQLQVHUWLRQVDQGWKHLUPRWRUSRLQWVZKLFKVHHPVWREHWKHEHVWORFDWLRQ
IRU D FRQVWDQWPHDVXUHPHQW >@7KH UHIHUHQFH HOHFWURGH LV SODFHG LQ WKHPLGGOH 7KH VDPSOLQJ UDWH RI WKH(0*
VLJQDOLQWKHV\VWHPZDVVHWDWVDPSOHVSHUVHFRQG

08$36XVLQJZDYHOHWV

 (0*VLJQDOLVWLPHVHULHVGDWD7KHUHIRUHLWLVQRWHDV\WRLQIHURSHUDWRU¶VLQWHQVLRQRIPRWLRQVIURPUDZ
(0* VLJQDO HOHFWURGHV SODFHG RQ D PXVFOH PHDVXUH D VXSHUSRVLWLRQ RI VLQJOH 0RWRU 8QLW $FWLRQ SRWHQWLDOV
08$3V DUWLIDFWV DQG EDFNJURXQG QRLVH %DVLF VKDSHV RI VXUIDFH 08$3V FDQ EH UHSUHVHQWHG E\ RQO\ D IHZ
ZDYHOHWIXQFWLRQV>@7KHFOLQLFDOO\LQWHUHVWLQJIHDWXUHVRIWKH(0*VLJQDODUHWKHQXPEHURIDFWLYHPRWRUXQLWVDQG
WKH08$3 ZDYHIRUP >@ 4XDQWLWDWLYH DQDO\VLV LQ FOLQLFDO HOHFWURP\RJUDSK\ (0* LV YHU\ GHVLUDEOH ZLWK WKH
GHYHORSPHQWRIFRPSXWHUDLGHG(0*HTXLSPHQWGLIIHUHQWPHWKRGRORJLHVLQWKHWLPHGRPDLQDQGIUHTXHQF\GRPDLQ
KDYH EHHQ IROORZHG IRU TXDQWLWDWLYH DQDO\VLV :DYHOHW WUDQVIRUP SURYLGHV WZR GLPHQVLRQDO WLPHIUHTXHQF\
UHSUHVHQWDWLRQ:DYHOHWWUDQVIRUPKDVWKHDELOLW\WRORFDOL]HLQWKHVWDWLVWLFVRIQRQVWDWLRQDU\VLJQDOVDQGLWSURYLGHV
DQDOWHUQDWLYHWRVKRUWWLPH)RXULHU7UDQVIRUP67)7ZKLFKXVHVDVLQJOHDQDO\VLVZLQGRZ7KHZDYHOHWWUDQVIRUP
XVHVVKRUWZLQGRZDWKLJKIUHTXHQF\DQGORQJZLQGRZDWORZIUHTXHQFLHV,QWKHFDVHRIGE:7FRHIILFLHQWVDWWKH
KLJKHVWIUHTXHQF\VFDOHVSURYLGHKLJKWLPHUHVROXWLRQRIRQO\IRXUVLJQDOVDPSOHV7KLVDOORZVWKHGEZDYHOHW WR
HIIHFWLYHO\WUDFNWKH08$3PDLQVSLNHWUDQVLHQWVLJQDODWDWLPHUHVROXWLRQWKDWWKH67)7VLPSO\FDQ¶WPDWFK>@,Q
RXUZRUNZHKDYHXVHGGEIRUIRXUOHYHOVWRGHFRPSRVHWKHVLJQDOV

)HDWXUHH[WUDFWLRQ

 7REHDEOHWRFODVVLI\DSHUIRUPHGJHVWXUHVRPHGLVWLQFWLYHIHDWXUHVKDYHWREHIRXQGDQGWDNHQIURPHDFK
PDWFKHGSDWWHUQ7KHUHIRUHVHYHUDOIHDWXUHVZHUHH[WUDFWHGLQFOXGLQJFRPPRQVWDWLVWLFDOIHDWXUHOLNH506(QWURS\
DQGVWDQGDUGGHYLDWLRQ

([SHULPHQWDOVHWWLQJ

 :H FRQGXFWHG D PRUH FRPSUHKHQVLYH H[SHULPHQW ZLWK D WRWDO RI  VXEMHFWV )LUVW RI DOO ZH FROOHFWHG
SHUVRQDO LQIRUPDWLRQ DERXW WKH VXEMHFWV LQFOXGLQJ DJH DYHUDJH\HDU¶V JHQGHU  IHPDOHV DQGPDOHV
ZHLJKW$YHUDJH.JDQGSHUIRUPLQJKDQGULJKWKDQGVQLOOHIWKDQGHU

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 7KHH[SHULPHQWFRQVLVWHGRIWZRSKDVHV7HQVXEMHFWVSDUWLFLSDWHGLQWKHILUVWSKDVHDQGIRUHDFKVXEMHFW
ZH UHFRUGHG VL[ JHVWXUHV RI KDQG SRVLWLRQ DQG WRWDO  JHVWXUH DUH WDNHQ IURP HDFK JHVWXUHZH KDYH WDNHQ WKUHH
IHDWXUHYDOXHVZKLFKZDVDYHUDJHGDQGILQDOO\WKHDYHUDJHRIVXEMHFW¶VIHDWXUHZHUHWDNHQDVDWHVWVDPSOHV7KH
UHPDLQLQJWDNHQDVDWHVWVDPSOHV7KHUHPDLQLQJVXEMHFWVZLWKJHVWXUHVRIKDQGZHUHWDNHQDVWHVWVDPSOHV
DPRQJWKHVHVL[JHVWXUHVIRXUJHVWXUHVZHUHVHOHFWHGDVVKRZQLQ7DEOH
)RUWKHGDWDDFTXLVLWLRQDSURSULHWDU\6(0*DFTXLVLWLRQV\VWHPE\7ULGHQW7HF/DEVZDVXVHGEHIRUHSODFLQJWKH
HOHFWURGHV VXEMHFW
V VNLQ ZDV SUHSDUHG E\ OLJKWO\ DEUDGLQJ ZLWK VNLQ H[IROLDWH WR UHPRYH GHDG VNLQ WKDW KHOSV LQ
UHGXFLQJWKHVNLQLPSHGDQFHWROHVVWKDQ.LOR2KP6NLQZDVDOVRFOHDQHGZLWKYYDOFRKROVZDEWRUHPRYH
DQ\RLORUGXVWRQWKHVNLQVXUIDFH,QWKHVHFRQGSDUWRIWKHH[SHULPHQWWKHQHXUDOQHWZRUNZDVWUDLQHGXVLQJWKH
GDWDIURPWKHVXEMHFWDQGWHVWHGVLPLODUO\7KHDUFKLWHFWXUHRIWKH$11FRQVLVWHGRIWZRKLGGHQOD\HUVDQGWKH
QRGHVIRUWKHWZRKLGGHQOD\HUVZHUHRSWLPL]HGLWHUDWLYHO\GXULQJWKHWUDLQLQJRIWKH$116LJPRLGIXQFWLRQZDVWKH
WKUHVKROGIXQFWLRQDQGWKHW\SHRIWUDLQLQJDOJRULWKPIRUWKH$11ZDVJUDGLHQWGHVFHQWDQGDGDSWLYHOHDUQLQJZLWK
PRPHQWXPZLWKDOHDUQLQJUDWHRIWRUHGXFHFKDQFHVRIORFDOPLQLPD,QWKHWHVWLQJVHFWLRQWKHWUDLQHG$11V
ZHUH XVHG WR FODVVLI\ WKH 506 YDOXHV RI UHFRUGLQJV WKDW ZHUH QRW XVHG LQ WKH WUDLQLQJ RI WKH $11 WR WHVW WKH
SHUIRUPDQFH RI WKH SURSRVHG DSSURDFK7KH DELOLW\ RI WKH QHWZRUN WR FRUUHFWO\ FODVVLI\ WKH LQSXWV DJDLQVW NQRZQ
KDQGDFWLRQVZHUHXVHGWRGHWHUPLQHWKHHIILFDF\RIWKHWHFKQLTXH
5HVXOWVDQG([SHULPHQWDWLRQ
%DFNSURSDJDWLRQQHXUDOQHWZRUNZDV WUDLQHGZLWK IRXU W\SHVRIKDQGJHVWXUH)LYH VHWRIH[SHULPHQWV V
7KHUHVXOWRIWKHXVHRIWKHVHQRUPDOL]HGYDOXHVWRWUDLQWKH$11XVLQJGDWDIURPLQGLYLGXDOVXEMHFWVVKRZHGHDV\
FRQYHUJHQFH7KHUHVXOWVRIWHVWLQJWKH$11WRFRUUHFWO\FODVVLI\WKHWHVWGDWDEDVHGRQWKHZHLJKWPDWUL[JHQHUDWHG
XVLQJ WKH WUDLQLQJ GDWD LV WDEXODWHG LQ WDEOH  7KH DFFXUDF\ ZDV FRPSXWHG EDVHG RQ WKH SHUFHQWDJH RI FRUUHFW
FODVVLILHG GDWD SRLQWV WR WKH WRWDO QXPEHU RI GDWD SRLQWV 7KH FODVVLILFDWLRQ DFFXUDF\ ZDV  IRU DOO WKH
H[SHULPHQWV

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
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






7DEOH1HXUDOQHWZRUNWHVWLQJUHVXOWV
&RQFOXVLRQV
7KLVSDSHUKDVVKRZQWKDWDQ(0*VLJQDOFDQEHHIIHFWLYHO\HPSOR\HGLQKXPDQPDFKLQHQHXUDOLQWHUIDFH
7KHSUHVHQWHG(0*EDVHGFRQWUROOLQJLQWHUIDFHLVDEOHWRUHOLDEO\UHFRJQL]HYDULRXVKDQGJHVWXUHVZLWKDSRVLWLYH
FODVVLILFDWLRQ UDWH RI RYHU  HYHQ WKRXJKZH XVHG RQO\ RQH VLQJOH (0* VHQVRU LQ FRQWUDVW WR UHODWHGZRUN
ZKLFK LV EDVHG RQPXOWLSOH(0* VHQVRUV 7KH JRRG SHUIRUPDQFH RI WKH V\VWHPZDV DOVR UHIOHFWHG E\ WKH XVHU¶V
VXEMHFWLYHUDWLQJVRIWKHV\VWHP¶VXVDELOLW\

$FWLRQ3HUIRUPHG $FWLRQLGHQWLILHGIRUH[SHULPHQWLQSHUFHQWDJH
+DQG([WHQVLRQ     
+DQG*UDVS     
:ULVW([WHQVLRQ
   



7KXPE)OH[LRQ
    
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7KH (0* VLJQDO FDUULHV YDOXDEOH LQIRUPDWLRQ UHJDUGLQJ WKHQ QHUYH V\VWHP ,W ZRXOG EH TXLWH HDV\ WR
WUDQVIHU LWV XVH WR DSSOLFDWLRQ RI GLIIHUHQW SHULSKHUDOV  0RUHRYHU VLQFH WKH (0* VLJQDO FDQ EH XVHG WR VHQVH
LVRPHWULFPXVFXODUDFWLYLW\LWLVSRVVLEOHWRGHWHFWPRWLRQOHVVJHVWXUHRULQWHQWLRQLQWKH(0*VLJQDO&RQVHTXHQWO\
WKHUHLVDZLGHUDQJHRISRWHQWLDODSSOLFDWLRQVXVLQJ(0*VLJQDOLQKXPDQPDFKLQHLQWHUIDFLQJ+RZHYHUWRUHDOL]H
DGYDQFHG DSSOLFDWLRQVPDQ\ LVVXHV VWLOO QHHG WREH UHVROYHG LQFOXGLQJ WKHGHYHORSPHQW RI DOJRULWKPV IRU(0*
VSHFLILFDQDO\VLVWKHH[WUDFWLRQRIUHOHYDQWIHDWXUHVDQGWKHGHVLJQRIUHDOWLPHFODVVLILHUVZLWKJXDUDQWHHGDFFXUDF\
DV GLVFXVVHG LQ WKLV SDSHU )LQDOO\ DOO WKH SURFHGXUHV KDYH WR EH FDUULHG RXW E\PLQLDWXUH SRUWDEOH GHYLFH ZKLFK
FRQVLVWRIVLJQDODQDO\VLVDQGDSSOLFDWLRQLQDVLQJOHVHWXS
5HIHUHQFHV
 /LSSHUW+$QDWRPLH8UEDQ	)LVFKHU9HUODJ
 'HOXFD &-6XUIDFH (OHFWURP\RJUDP GHWHFWLRQ DQG UHFRUGLQJ 0$ 1HXUR0XVFXODU 5HVHDUFK &HQWUH
%RVWRQ8QLY
 /,8+DLKXD&+(1;LQKDR&+(1<DJXDQJ³ZDYHOHWWUDQVIRUPDQDO\]LQJDQGUHDOWLPHOHDUQLQJPHWKRG
IRU(0*VLJQDO LQPRWLRQ'LVFULPLQDWLRQ´,(((,QWHUQDWLRQDO&RQIHUHQFHRQ1HXUDO ,QWHUIDFHDQG
FRQWUROSURFHHGLQJVPD\
 1LNROD\ 6 6WR\NRY 0DGHOHLQH 0 ³5HFRUGLQJ ,QWUDPXVFXODU (0* 6LJQDOV XVLQJ VXUIDFH (OHFWURGHV´
,(((,QWHUQDWLRQDOFRQIHUHQFHRQUHKDELOLWDWLRQ5RERWLFV-XQHMXO\
 3LQJ=KRX:=5\PHU ³0RWRU XQLW DFWLRQSRWHQWLDO QXPEHU HVWLPDWLRQ LQ WKH VXUIDFH HOHFWURP\RJUDP
ZDYHOHWPDWFKLQJPHWKRGDQGLWVSHUIRUPDQFHERXQGDU\´SURFHHGLQJRIWKHVW LQWHUQDWLRQDO,((((0%6
FRQIHUHQFHRQQHXUDO(QJLQHHULQJ&DSUL,VODQG,WDO\0DUFK
 (DUO*RVK5LFKDUG-KRQVRQ%DXJK6WHYHMRVW³3DWWHUQ5HFRJQLWLRQDQG,PDJHDQDO\VLV´+,9ROSDJHV
0DUFK
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